The costs and benefits of philopatry (remaining at the natal nest) have been discussed in numerous papers. Nevertheless, there is still debate about the relative importance of factors that favor philopatry, which can result in the formation of social groups. The decision to remain at the natal nest can be examined by using models such as the delayed-dispersal threshold model, which takes into account risks of dispersal, probability of becoming established on a suitable territory, and probability of finding a mate. These factors, in turn, are influenced by ecological variables such as distribution of critical resources and population density. The often-cited conclusion from this and similar models is that ecological or social constraints promote philopatry whereas relaxation of the constraints result in dispersal. More recent theoretical approaches have included not only some of these ecological factors but also life-history traits (e.g., survival and age of maturation). Some of the latter models suggest that external constraints alone are inadequate to explain interspecific variation in group living. I review existing data to evaluate the relative importance of variables proposed to influence philopatry in rodents and argue that future studies may benefit from a broad approach that encompasses life-history and ecological factors, such as adult survival and territory quality.
As individuals mature, they often have the option of dispersing and breeding independently or delaying dispersal and remaining philopatric (i.e., at the natal nest or territory past weaning, the time when animals typically disperse). Although philopatry can influence spatial distribution and mating patterns of rodents (Blumstein and Armitage 1999; Lacey 2000; Sera and Gaines 1994; Solomon and Getz 1997) , much of the interest in philopatry is due to its impact on sociality.
Hypotheses proposed to explain the occurrence of philopatry range from those where costs predominate to others where benefits outweigh costs (Koenig et al. 1992) . However, the emerging viewpoint is that philopatry is influenced by relative costs of dispersal and benefits of remaining * Correspondent: solomong@muohio.edu philopatric. Within this framework, many investigators have emphasized different factors. I will argue that these factors can be incorporated into a single model. The factors receiving the most attention are lifehistory variables (Arnold and Owens 1998; Kokko and Lundberg 2001; Pen and Weissing 2000) -certain taxa are predisposed to remain philopatric due to life-history traits; ecological constraints (Brown 1974; Emlen 1982; Jarvis et al. 1994; Koenig and Pitelka 1981; Koenig et al. 1992 )-individuals delay dispersal and remain philopatric because costs of dispersal are prohibitive; and benefits of philopatry (Kokko and Johnstone 1999; Ligon 1987, 1991) -individuals delay dispersal and remain philopatric because they gain direct or indirect fitness benefits.
Those hypotheses have often been por-trayed as alternative explanations for philopatry. However, it is likely that they are complementary, because costs and benefits, as well as life-history factors, affect dispersal (Emlen 1994) . Even though all of these factors may have been important in the evolution of philopatry, the relative importance of particular constraints and benefits are unknown for most, if not all, social rodents. Furthermore, costs and benefits not only affect whether an individual will disperse but may affect timing and distance of dispersal. Although I realize that net costs and benefits (cf. Armitage 1996) affect dispersal decisions, I will review evidence for each factor separately, with an emphasis on studies of social voles where possible. After I discuss the evidence for each of these factors, I briefly discuss future directions that can help us determine costs and benefits accruing to philopatric individuals and dispersers.
LIFE-HISTORY VARIABLES
Recent analyses have suggested that lifehistory variables may be extremely important in the evolution of philopatry (Arnold and Owens 1999; Hatchwell and Komdeur 2000; Krause and Ruxton 2002) . Those models predict that philopatry should be seen in species with slow rates of development or where residents have high survival rates.
Rate of development.-Species with slow rates of development are likely to delay dispersal because they may need extended parental care or more time to reach adult size. If we look among taxa, we may be able to determine which species are more likely to display philopatry by comparing rates of development in these species. In sciurids, Blumstein and Armitage (1999) proposed that large species with relatively short growing seasons need more time to mature than small-bodied species with longer growing seasons. Therefore, natal dispersal in marmots (Marmota) does not occur until after the 1st hibernation to provide the time needed for maturation. Blumstein and Armitage (1999) derived a maturity index to compare effects of these factors on various species of ground-dwelling sciurids and concluded that dispersal was delayed until the maturity index (emergence mass of yearlings or 2-year-olds as a fraction of emergence mass of adults) Ͼ 0.5. (Emergence mass is defined as the body mass of an individual when it emerges from hibernation.) Therefore, dispersal is delayed until after the 1st hibernation in yellow-bellied marmots (M. flaviventris) where maturity index Ͻ0.4 for juveniles. A number of other species have maturity indices of 0.26-0.41 during the 1st year (Blumstein and Armitage 1999) . In those species, dispersal is delayed until Ն2 years of age. In contrast, woodchucks (M. monax) disperse before the 1st hibernation and have a maturity index ϭ 0.67 as juveniles. Woodchucks live in areas with longer growing seasons compared to other marmot species. Thus, woodchucks are able to achieve sufficient body mass to survive the 1st hibernation alone.
Can we generalize from the hypothesis of Blumstein and Armitage (1999) to other species with delayed dispersal? Burda (1990) argued that bathyergids with the slowest rates of development (Cryptomys and Heterocephalus) show philopatry whereas those genera with faster rates of development do not. Comparison of the age of eye opening in these 2 genera of social bathyergids with solitary species of subterranean rodents supports Burda's contention that social bathyergids tend to develop more slowly than other subterranean rodents (cf. Bennett et al. 1991) . Although this pattern is not as clear when timing of weaning is compared between social and solitary bathyergids (Bennett and Faulkes 2000; Burda 1990 ), solitary mole-rats have much faster growth rates (1.22-3.3 g/day) as compared to social mole-rats (0.22-0.23g/day- Bennett et al. 1991) .
A possible correlate of the rate-of-development hypothesis is that dispersal may be delayed until offspring have a reasonable chance of success in winning contests with adults over limiting resources, such as a high-quality territory (P. M. Waser, pers. comm.) . If this is the case, we would assume that territorial vacancies occur too infrequently for a particular individual to likely fill a vacancy. Where competition for territories is important, individuals may disperse only after they are full grown. In species with slower growth rates, this could lead to delayed dispersal.
Survival.-Survival is another life-history variable proposed to influence philopatry. Kokko and Lundberg (2001) modeled the relative importance of survival and other variables affecting philopatry. In their model, they assumed that the habitat was saturated, but they varied the degree of saturation, quality of the habitat, cost of philopatry to the resident, and survival rates. They found that habitat saturation (high proportion of occupied territories) was not the primary factor that resulted in philopatry; the degree of habitat saturation and number of competitors for each territory were more important. Similar to ecological constraints models, Kokko and Lundberg (2001) concluded that if other factors are equal, philopatry should increase when competition for territories is greater. Of these factors, survival rate, rather than habitat saturation, determined when competition increased. Thus, rather than looking at whether all territories are occupied, it may be better to focus on number of competitors per territory and turnover rate of breeding positions (cf. Waser 1988) . As Kokko and Lundberg (2001) suggested, the latter 2 are influenced by survival of breeders and offspring.
For many species of rodents, it is difficult to directly observe competition under field conditions. Nevertheless, we can indirectly assess the probability of competition by examining turnover in territory occupancy. For pine voles (Microtus pinetorum), turnover rates for males and females were 0.45 and 0.44, respectively, that is, slightly Ͻ50% of territories became vacant by the time individuals were mature (males mature at 60 days of age) or almost mature (females mature about 75 days of age-Solomon et al. 1998). Few calculations have been published of territory turnover based on survival data, but this is a variable that would be useful to examine in future studies.
Summary.-Both rates of maturation and survival may affect philopatry by influencing the number of territorial vacancies and ability to compete for one. In some species, life-history traits may be more important than in other species. In these species, the tendency to remain philopatric may have evolved over evolutionary time as an adaptive response to environmental selection pressures. Comparative studies are a useful place to start evaluating the effects of life history on philopatry although they do not distinguish cause and effect. Factors such as delayed maturation and high adult survival could be consequences, instead of causes, of philopatry.
ECOLOGICAL CONSTRAINTS
Although philopatry can evolve in some species, there are also ways in which the behavior of individuals can be affected by ecological factors during their lifetime. One set of models that focuses on costs of dispersal and independent breeding are ecological constraints models (Brown 1974; Emlen 1982; Koenig and Pitelka 1981) . The original formulation of the ecological constraints hypothesis focused on demographic variables and proposed that a lack of vacant breeding territories prevented dispersal by mature offspring (Selander 1964) . Subsequently, Brown (1974) and Koenig and Pitelka (1981) noted that differences in habitat (territory) quality might affect whether an individual dispersed or remained philopatric. They proposed that if all optimal and marginal habitat were occupied, an individual would be constrained to remain philopatric until a suitable vacancy appeared. Similar to the more recent conclusions of Kokko and Lundberg (2001) , these investigators stated that the proportion of occu-pied suitable territories would affect dispersal decisions.
The idea of ecological constraints was expanded upon by Emlen (1982) , who proposed that multiple factors, which may work alone or synergistically, can affect an individual's decision to disperse or remain philopatric. These factors include the probability of finding an available suitable territory, risks (costs) associated with dispersal, and probability of securing a mate. Suitability of territory may be affected by abundance or quality of food resources, presence of an underground nest or burrow, or absence of same-sex conspecifics. This hypothesis predicts a positive association between severity of constraints (or an increase in risk) and occurrence of philopatry and a decrease in philopatry when constraints are relaxed.
Food resources.-An individual's decision about whether to remain philopatric or disperse can be influenced by the quality of territories within a habitat. If food resources are critical and are nondepreciable (i.e., use of resource does not eliminate availability to others), philopatry should be more likely to occur than if food resources cannot be shared. Food resources may be sharable if they are abundant within patches or if they renew rapidly (Waser 1988) .
When high-quality territories are abundant, individuals are likely to disperse. In contrast, when high-quality territories are less common, individuals may be constrained to remain philopatric until a suitable territory becomes vacant. An individual born in a high-quality territory should only benefit if it could disperse to another high-quality territory. In contrast, an individual born on a low-quality territory should disperse to a territory of higher quality if one is available. An individual may even disperse to another low-quality territory if the benefit of doing so is greater than that of remaining on its natal territory (see also philopatry threshold model of Waser [1988] ). Thus, within a population, some individuals would be more likely to disperse than others. Slobodchikoff (1984) proposed that patchily distributed food resources affect philopatry in Gunnison's prairie dogs (Cynomys gunnisoni) and black-tailed prairie dogs (C. ludovicianus). Critical food resources also are patchily distributed in habitats where social mole-rats are found (Bennett and Faulkes 2000) . Although distribution of resources may be an important constraint for these species, it is not clear if food resources are limiting in many other rodent species (Wolff and Peterson 1998) . Although Agren et al. (1989) found considerable variation in the abundance of the primary food plant, Artemisia sieversiana, for Mongolian gerbils (Meriones unguiculatus), they did not examine philopatry with regard to intrahabitat variability in Artemisia. More recently, A. M. Christiansen (in litt.) and colleagues examined factors affecting nest-site locations in prairie voles (Microtus ochrogaster). Although forbs are critical in the diet of prairie voles and are likely to be patchily distributed in grassland habitats, they do not appear to affect the selection of nest sites.
Nest-site availability. -Alexander et al. (1991) hypothesized that an important factor in the evolution of rodent eusociality is the necessity for a safe, expandable subterranean nest or burrow system. This may be true for subterranean rodents such as molerats that have to dig to forage and for semifossorial rodents that use a burrow for raising young (Powell and Fried 1992; cf. Jones 1993) . It has been proposed that building a new burrow system in which to rear offspring is energetically expensive (Ebensperger and Bozinovic 2000; Lovegrove 1989; Powell and Fried 1992) . Because semifossorial rodents such as pine voles and subterranean rodents such as mole-rats do not have anatomical modifications to their forelegs for digging, burrow construction may be even more costly for these animals than for fossorial rodents.
Although the cost of constructing an un-
-Aggressive responses toward intruders in pine voles (Microtus pinetorum) as shown by least squares mean frequency (Ϯ SE ) of aggressive responses toward an intruding male or female by a paired resident male or female. A Bonferroni adjusted level of statistical significance of 0.0167 was used for the analyses. Only the difference between responses of the resident male toward the intruding male and female are significantly different from each other (P Ͻ 0.001); no statistically significant difference was found between frequency of aggression that female residents directed toward male as compared to female intruders (P ϭ 0.078). Modified from Back et al. (2002). derground nest or burrow may be high in some social rodents, there are solitary rodents that inhabit burrows, such as blind mole-rats (Nannospalax ehrenbergi -Nevo 1961) . Thus, the need to find an unoccupied burrow may be necessary but not sufficient to predispose individuals to remain philopatric. Additional factors such as soil characteristics, possession of digging adaptations, and frequency with which burrows need to be expanded or maintained may better predict delayed dispersal. Data from study of digging in degus (Octodon degus) by Ebensperger and Bozinovic (2000) also suggest that individuals may benefit by remaining philopatric because grouped individuals may be able to construct new burrows in less time or may be able to construct a more extensive burrow system than solitary degus. Spending less time digging could increase time allocated to vigilance and decrease the risk of predation.
Absence of conspecifics.-Other factors constraining dispersal may be finding a territory without any same-sex conspecifics or competitors. The importance of this factor would depend on the tolerance of group members for immigrants. For example, laboratory observations of prairie voles, pine voles, and Damaraland mole-rats (Cryptomys damarensis) suggest that group members are fairly intolerant of unfamiliar individuals (Back et al. 2002; Cooney 2002; Getz et al. 1981) . For example, resident female pine voles were aggressive toward males and females, whereas adult male pine voles were most aggressive toward adult same-sex conspecifics (Fig. 1) , suggesting that aggression by same-sex conspecifics may deter immigration. Examination of field data on pine voles also shows that males and females moved into groups containing no other same-sex conspecifics or with fewer members of the same sex than in their original group (Solomon et al. 1998) .
Although data on patterns of movement are consistent with the idea of constraints due to conspecifics, they do not demonstrate a causal relationship. More rigorous support for the hypothesis that the presence of conspecifics impedes immigration comes from removal studies. In yellow-bellied marmots, significantly more female yearlings returned to the colony and significantly more males immigrated into the colony when all adults were removed as compared to a control colony (Brody and Armitage 1985) . In prairie voles, when vacancies were created in groups, males and females immigrated into these vacancies relatively rapidly (males in 3.8 days Ϯ 0.8 SE, females in 4.6 Ϯ 0.7 days); 39% of male and 41% of female immigrants moved into focal groups Յ24 h after removals (Jacquot 1999) . Immigrants were primarily adults (98%), some of which were residents from other groups. These individuals emi-grated from nearby groups more often than expected, suggesting that individuals tend to immigrate into nearby nests. Similarly, removal of the breeding female from pine vole groups resulted in rapid replacement by a new female (Solomon et al. 1998) . Groups in which the breeding female was rereleased into the nest (control groups) did not gain any new female immigrants.
Territory availability.-Suitable territories may not be available when population density is high. Getz and McGuire (1997) showed strong positive correlations between population density and number of prairie vole social groups, which primarily result from philopatry. During the breeding season, about 75% of additions to basic breeding units were philopatric offspring from the original breeding pair (Getz and McGuire 1997) . Similar results were reported in another study of prairie voles in which philopatry increased as population density increased and, concomitant with the increase in philopatry, more social groups formed (Cochran and Solomon 2000) . Thus, increased population density can increase the number of competitors for each suitable territory. When competition is too high, individuals may delay dispersal until a suitable vacancy occurs. Consistent with this hypothesis is evidence that when vacant territories were experimentally created by removing resident prairie voles, adult prairie voles were the primary immigrants into these newly created vacancies (Jacquot 1999) .
Risk.-Ecological constraints also could include risk-cost during and after dispersal, which may result from risk of predation during dispersal, risk of being in a new unfamiliar location, or from the necessity of finding food during dispersal. Long-distance aboveground dispersal to find a vacant burrow would expose individuals to predators that are unable to enter burrows. This may be especially important because individuals are exposed for longer than they would be if they remained philopatric. Evidence of increased risk was suggested by Jacquot and Solomon (1997) , who reported that male prairie voles were able to find refuges but took longer to reach cover and moved farther when released at unfamiliar sites compared with voles released in familiar locations.
Although data on movement patterns are suggestive, dispersers do not always suffer greater mortality than residents. A comparison of mortality of dispersers and philopatric individuals showed that prairie vole dispersers survived longer than philopatric individuals (Getz et al. 1994) , whereas in yellow-bellied marmots, disperser survival was 16% less than that of philopatric conspecifics in their 1st year (Van Vuren and Armitage 1994) . Increased mortality of philopatric individuals may occur because predators concentrate their effort on areas of higher rodent density (i.e., territories with larger groups) than on areas of lower density into which individuals are dispersing (McGuire et al. 2002; Swilling and Wooton 2002) . Another possibility is that dispersal distance may affect survival. If dispersers move to a territory close to their natal nest, survival may be higher because dispersal risk is low and other benefits of dispersal are high. Conversely, if individuals disperse over a longer distance, risk of mortality may be a significant cost.
Dispersal through neighboring territories also may be risky because members of social groups are aggressive toward intruders (Back et al. 2002; Boyette 1965; Horsfall 1964) . Residents may prevent dispersers from gaining access to temporary shelter or patches of high-quality food resources, increasing the risk of predation or starvation. These possibilities are difficult to ascertain for small mammals although use of radiotelemetry might provide some information about movements of dispersers.
Even if risk of predation is not higher for dispersers, dispersal may be too energetically costly. For subterranean rodents that disperse underground, the habitat adds another constraint upon dispersal that is not a factor for animals that disperse above-TABLE 1.-Rodent species in which philopatry (delayed dispersal) is seen in both sexes or only in females. In some, philopatry always occurs (obligate) and in others, philopatry occurs some of the time (facultative). . Extending burrows while attempting to disperse results in high energetic costs. This effectively limits burrowing to times when costs of excavation are low, that is, when soil has been sufficiently moistened by rain (Jarvis and Bennett 1993; Jarvis et al. 1998; Lovegrove 1989) . Therefore, opportunities for dispersal are infrequent in arid regions that typically have temporally unpredictable and infrequent rain, whereas dispersal opportunities are less constrained in mesic areas. The influence of excavation costs on philopatry will be supported if groups using habitats where soils are more difficult to dig are more numerous than groups living in habitats where soils are not as hard. Additionally, the soils of habitats in which solitary species are found should be less costly to excavate than those soils in habitats occupied by social congeners (Ebensperger 1998) . Although these predictions are consistent with data from the study of Spinks et al. (2000) , which showed that the population of common mole-rats (Cryptomys hottentotus) living in a more mesic site had higher rates of dispersal than the population in the more arid region, we need more comparative studies to investigate the general importance of this potential cost (see Lacey and Wieczorek 2003) .
Risk of starvation while attempting to disperse (in an arid region with a patchy distribution of food resources) is very high (Lovegrove 1991) , suggesting that solitary dispersers have a low probability of successful dispersal. In contrast, in mesic regions where density of food resources is higher, solitary dispersers should be successful in establishing territories, and molerats should be solitary instead of living in groups.
Stored body fat may offset the risk of starvation, because dispersing naked molerats are significantly fatter than similarly sized workers (Braude 2000; O'Riain et al. 1996) . Animals with high energy reserves may be better able to endure the time it takes to find a new territory after emigrat-FIG. 2.-Immigration into social groups of prairie voles (Microtus ochrogaster) after removals, showing proportion of females that immigrated into social groups that were controls (intact social groups), with all adult females removed from group (female removals), or all adults removed from group (adult removals). Removals were conducted 3 weeks before determination of immigration. Different letters indicate statistically significant differences. Modified from J. J. Jacquot and N. G. Solomon (in litt.).
ing from their natal nest. Thus, the higher percentage of fat in dispersers may serve as a safeguard against starvation during dispersal. The same mechanism may occur in ground squirrels, where body mass and fat affect timing of dispersal (Nunes et al. 1998; Nunes and Holekamp 1996) .
Mate limitation.-The ecological constraints hypothesis (Emlen 1982 ) also includes the possibility of mate limitation (i.e., the probability of securing a mate). It could be problematic to find a mate if the adult sex ratio is skewed. For example, if the adult sex ratio is male-biased, then availability of females could be limited. Thus, males that cannot acquire a mate could benefit by remaining philopatric until a mating opportunity arises. The prediction that philopatry should be sex-biased is not true in a number of species where both males and females typically delay dispersal (Table 1) . Furthermore, even though philopatry is female-biased in other species, the sex ratio in some populations is 1:1 (e.g., Cape ground squirrels [Xerus inauris]-Waterman 1995). Finally, there does not seem to be any a priori reason that a biased sex ratio alone should result in philopatry, because biased sex ratios also are found in rodents that do not display philopatry (Terman 1968:421-422, table 5) .
The mate-limitation hypothesis predicts that a vacant territory should be insufficient to elicit immigration; rather, a territory with a potential mate should be necessary. If philopatric individuals monitor nearby territories, they would know the composition of groups in these territories. Results from a recent experimental manipulation are not consistent with this prediction. J. J. Jacquot and N. G. Solomon (in litt.) showed that female prairie voles were not more likely to immigrate into a territory with a potential mate than into one in which no adults were present (Fig. 2) .
Summary.-There is indirect evidence that an available territory with an existing burrow (shelter) and one without conspecifics (competition) may be important in some social rodents. Data on dispersal risk are insufficient and appear to be contradictory; therefore, a conclusion about risk of dispersal cannot be formed at this time. Only 1 study examined mate limitation and did not find any evidence to support it as an important constraint in rodents.
BENEFITS OF PHILOPATRY
Benefits of philopatry may be direct or indirect. Direct benefits influence the survival and reproduction of the philopatric individual. In contrast, indirect benefits affect the survival and reproduction of their offspring, thus only indirectly providing benefits to the philopatric individual.
Inheritance of territories.-Benefits of philopatry may exceed cost of missed breeding opportunities if the chance of successful independent reproduction is small. One potential benefit to philopatric individuals may be inheritance of the territory after deaths of breeders, although there is con-flicting evidence concerning the universal importance of this potential benefit. Examination of data from prairie voles shows that offspring rarely stay and become reproductive at the natal nest after loss of their parents (McGuire et al. 1993) . Therefore, inheritance of territory does not appear to be an important selective pressure for remaining philopatric in this species. This also seems to be the case for Alpine marmots (M. marmota); Arnold (1990) reported that only 1 of 52 marmots inherited a territory during the 6 years of the study. In contrast, female yellow-bellied marmots frequently inherit their mother's territory (Armitage 1991) . Similarly, naked mole-rats tend to remain philopatric; succession of group members to breeder status has been documented in the laboratory and the field (Braude 1991; Lacey and Sherman 1997) .
Monitor nearby territories.-Although individuals may not inherit their natal territory, they engage in forays where they can monitor vacancies in nearby groups by remaining philopatric (i.e., in a safe familiar nest). Forays should help individuals determine number and sex of adults on nearby territories and rapidly discover when a neighboring individual disappears. Forays also may increase tolerance of neighboring individuals for the potential immigrant through familiarity.
Some male and female prairie voles appeared to make forays outside their natal territory before permanently dispersing from their natal nest. Fifteen percent of males and females were trapped Ն20 m from their natal nest and later trapped back at the natal nest during the week before dispersal (McGuire et al. 1993) . Like prairie voles, Alpine marmots also frequently visited neighboring territories. Nineteen percent of a cohort obtained a territory without having to disperse over a long distance. Females were more successful than males at obtaining a territory in this way (Arnold 1990) .
Mate with unrelated group member.-In social rodents, another way to acquire a mate is to remain at a nest where there are opposite-sex unrelated individuals (i.e., a stepparent) and mate with that individual. Few data exist to test predictions that philopatric offspring are unrelated to the opposite-sex group members and mate with these individuals-either by forming a pair bond when the same-sex breeder (parent) dies or by becoming an additional breeder in the group. In prairie voles, 48% of philopatric males and 33% of philopatric females occur in social groups, which also include unrelated opposite-sex adults (L. L. Getz, in litt). There also is evidence that some groups of pine voles contain unrelated individuals (Marfori et al. 1997) . Early analyses with DNA fingerprinting showed that 85% of the matings were between parents and offspring in naked mole-rats (Reeve et al. 1990) . In contrast, the recent discovery of a dispersal morph in some large laboratory and field colonies of naked mole-rats (O'Riain and Braude 2001; O'Riain et al. 1996) , a preference for unrelated mates (Ciszek 2000) , and nascent colonies containing unrelated individuals (Braude 2000) suggest that dispersal and outbreeding may be more common than previously thought. This conclusion is still subject to debate (O'Riain and Braude 2001) .
Genetic analyses are needed to determine if philopatric offspring and unrelated adult group members mate in most social rodents. Only genetic techniques can determine which offspring are produced by which female. Sometimes Ͼ1 breeding female is found in groups of prairie voles and pine voles (Getz and McGuire 1997; McGuire et al. 2002; Solomon et al. 1998; N. G. Solomon, in litt.) productive success, we expect to see that groups would have higher reproductive success than pairs, or large groups would have higher reproductive success than smaller groups. Estimates of net reproductive rate, a direct measurement of fitness, initially increases with group size in yellow-bellied marmots and prairie voles but then decreases when matrilines get as large as 4 or 5 females or Ͼ1 female, in the 2 species, respectively (Armitage and Schwartz 2000; McGuire et al. 2002) . In contrast, per capita reproductive success in a few other rodent species decreases as group size increases (black-tailed prairie dogs-Hoogland 1995; tuco-tucos [Ctenomys sociabilis]-E. A. Lacey, in litt.; groups of multiple breeding prairie vole females; Fig. 3 ).
Summary.-Data are insufficient to form a conclusion on inheritance of territory in social rodents. It is more likely that the opportunity to prospect for vacancies may be beneficial to philopatric individuals. Intensive radiotelemetry might provide better data on forays. It also would be useful to determine how groups form, especially how an immigrant becomes integrated into the social group. Genetic analyses are underway in a number of species that should provide better data on direct reproductive success of philopatric individuals. These genetic analyses also should allow calculation of indirect fitness after the relatedness of group members is determined.
FUTURE DIRECTIONS
Although life-history traits, ecological constraints, and benefits of philopatry may differ in their relative importance in different taxa, attempts have been made to combine these factors into a single explanatory model. One of the original attempts at this was the delayed-dispersal threshold model (Koenig et al. 1992 ). More recently, Hatchwell and Komdeur (2000) suggested that life-history variables and ecological factors may act in concert (cf. Burda 1990) .
Life-history traits and ecological factors may act together to influence rate of turnover of suitable breeding opportunities. Turnover and occupation of vacant suitable territories will depend on survival of breeders. Death rates determine how frequently territorial vacancies will arise. Although breeder survival may result in continued occupation of burrows, habitat characteristics (e.g., variability in territory quality) would interact with this factor to determine the number of suitable nest sites. Another critical factor should be birth rates, and possibly growth and development rates, which will reflect number of competitors for each vacancy. The latter also will affect distance that an individual has to disperse to find a suitable vacancy. The interaction of these factors should determine the cost of or constraints on dispersal.
The aridity-food distribution hypothesis has been proposed to explain the severity of constraints on philopatry in bathyergid rodents (Faulkes et al. 1997; Jarvis 1978; Jarvis et al. 1994; Lacey and Sherman 1997) . This hypothesis posits that unpredictable sparse rainfall and the clumped pattern of food resources that occurs in arid habitats in Africa may impose severe con-straints on dispersal of mole-rats. Dispersal may not be feasible because, in the short time after a rain when a mole-rat can move through the soil easily, it may not find enough food to sustain it. Therefore, individuals will be constrained to remain in their natal burrow, resulting in the formation of extended family groups.
Social mole-rats are found in arid regions of Africa characterized by patchy distributions of geophytes, their primary food resource. In contrast, solitary species live in mesic environments where food resources are more evenly dispersed and therefore more easily encountered by single dispersing individuals (Jarvis et al. 1994) . Although social species of mole-rats can be found in either habitat, solitary species are excluded from arid habitats. Distributions of these mole-rat species suggest that philopatry, and, therefore, sociality is favored in arid habitats.
Although the aridity-food distribution hypothesis is an ecological hypothesis, Burda (1990), Burda et al. (2000) , and Lovegrove (1991) argued that life-history traits such as body size and rate of development are critical determinants of dispersal. Specifically, Burda et al. (2000) stated that philopatry may be seen only in those lineages where appropriate life-history traits occur. Although these 2 groups of investigators emphasize different factors, life-history and ecological factors can be subsumed by a more encompassing cost-benefit equation (cf. Lacey and Sherman 1997) . Thus, when attempting to determine relative importance of these factors, all potential costs and benefits should be examined. Determining which factors are critical causes of philopatry is the challenge for future studies because this has not yet been achieved for any rodent species.
A better understanding of factors affecting philopatry may be seen by dividing rodents into those where philopatry is regularly seen (obligate) and other species in which philopatry is seen when conditions do not favor independent reproduction (facultative or opportunistic-sensu Waser 1988) . I propose that life-history variables may be more important in species that display obligate philopatry and ecological factors may be more important in those in which philopatry is facultative. Ecological conditions in the distant past may have influenced the evolution of philopatry in species displaying obligate philopatry. In species displaying facultative philopatry, shortterm changes in environmental conditions may affect an individual's ''decision'' about whether or not to remain philopatric.
Even in species where philopatry is facultative, philopatry should be seen in lineages in which appropriate life-history traits occur. Within these lineages, philopatry should occur given appropriate ecological conditions. If so, we should be able to use comparative techniques to identify factors that predispose some species toward philopatry but are lacking in other lineages where species do not display philopatry (sensu Armitage 1981; Bekoff et al. 1981) . Within a species, factors such as risk of dispersal or opportunity to immigrate into a breeding vacancy may allow facultative adjustment of the timing of dispersal. Thus, where philopatry appears to be facultative, social groups may form and disband with changes in ecology or demography (cf. Emlen [1995] on dynamics of family groups).
It would be useful to determine if groups tend to disband when they get to a certain size or composition. If competition with same-sex group members for depreciable critical resources or breeding status (cf. Griffin and West 2002 ) is intense, philopatry may be detrimental. Costs could be estimated by determining group size and, for the latter, by the number of same-sex group members.
Benefits to philopatry could include the probability of gaining direct fitness while remaining at the natal nest. It would be useful to determine what factors affect reproduction of group members, that is, why sometimes only 1 female or male and at other times Ͼ1 female or male breeds at a nest. For example, presence of an unrelated individual at the nest might increase the opportunity to breed. Indirect benefits could be assessed by determining number of offspring that are recruited into the population (or survive until breeding age) due to presence of philopatric individuals. Relatedness of philopatric individuals to the offspring subsequently born at the nest, and to breeders, is another parameter needed for these estimates.
In conclusion, life-history and ecological factors can best be viewed as a complex set of variables that interact to affect philopatry. Therefore, distinction between singular hypotheses for maintenance of philopatry may be an artificial one. I suggest that future studies may benefit more from a broad approach that encompasses ecological and life-history traits than from a single factor approach. Finally, it is likely that relative importance of these factors may differ among rodent taxa, reinforcing the necessity for studying previously neglected rodent groups (Ebensperger 2001; Tang-Martinez 2003) . ACKNOWLEDGMENTS I thank Y. K. Lin, L. Hayes, and M. Spritzer for their insightful comments on dispersal and philopatry during our weekly discussions. K. Armitage, E. Lacey, B. McGuire, P. Waser, and an anonymous reviewer provided excellent suggestions on a former version of this paper. S. Lowe was helpful in checking references. I am grateful to the American Society of Mammalogists for support of this symposium and to E. Lacey, a wonderful colleague and collaborator. The pine vole research reported in this review was supported by National Institutes of Health grant R15 MH57115.
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